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(54) DEVICE AND METHOD FOR LASER BEAM MACHINING 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device for laser 
beam machining with which a work to be machined is 
precisely cut without a molten part or a crack which is 
deviated from a planned cutting line on the surface of the 
work to be machined. 

SOLUTION: The device is provided with a laser beam source 
101 which emits a pulse laser beam of which pulse width is 1 
fi s smaller, a power adjustment part 401 which adjusts the 
magnitude of the power of the pulse laser beam, a lens 
selection mechanism 403 including a plurality of condenser 
lenses which condense the puise laser beam so that the peak 
power density at the focal point P of the pulse laser beam 
becomes 1 x 108 (W/cm2) or larger, a Z-axis stage 113 with 
which the focal point P of the pulse laser beam condensed 
with the condenser lenses is positioned inside the work 1 to 
be machined, and an X (Y)-axis stages 109 (111) which 
relatively moves the focal point P along the planned cutting 
line 5 of the work 1 to be machined. The respective aperture 
numbers of optical system including the condenser lenses 
105a to 105c are different from one another. The dimension of a property modification spot formed 
inside the work 1 to be machined is controlled by adjusting the aperture number and the magnitude 
of the power of the pulse laser beam. The dimension is displayed prior to the machining with the 
laser beam. 
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OflSSfcl^OSKX^'y btffcdtStu ^7-WfiP^ 

tf «8SO*Jtffl I'VXfc^tr^^SSPftO;*:**® 

SBBB^IEli^St, A7jSnfc^;VXU-+f^©^7- 

hp»o** s k *3v>t c n 5 ©±t ? t«? na 
#mt-ra 0 

[ooi9] yjraiescjjtitf, ± 

I2*%fwt^a^— tfi)pxnfitiHi«©a6t <t ss 

SX* >y h ©^J-j£©!tiJSPT* $ § S ©^S^if-f'l- C 
t pit 6 1 & 5 toSHX* -y h ©--j-S^ V— tf taXtff 

[0 0 2 0] «±I^HJ!L/tl— ifiPXSiltt, ^5SJR 
SStSM^Hi:, ^ffi^ S J; 5 E-T S c t ««T 

w-uumxfijfcM^wcjGa-ra c ttfTf«« 0 

[0 0 2 1] *^HJ!t«5U-+fMXSBa, ^;bX*g 

i fisJxT©^^^— y^tfUf-rsu— mm 
t, b—tfTtM^emMsna^^xu-^©/^- 
©±*a^nii5-rs^7-"iiifi^gt, ix— vftMfrZ 

AM xi 08 (w/cm 2 ) ethE&«J:a^^l/Xb-if3tt 

^ft^sm^^igt, ^^m-ADft^snfc^;!/ 
x l^-if^©S7 l e^^i[ixm#)©F* ; ig : Pt-grt3^a^ia 
t, imiSimscDtym^jty^yicY^-D T^;UX U-+f 

X»m#l©F*3tf KftTt^^fe^T 1 7WXO^;Wl/ 
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» i ooBsix*^ htw?n> ^y-f«5#® 
E£5PS52ti5;^]/X u-^©^-©*^^ 

six* b t ©fflian^^^i&iaebftffiHiafii 
IBH^ISk, siixl'j h^&cAAt^-^Tc:© 

-©* £ 2 k a S ± 5 £ U-lfJiafctP 6 fl&f 3 ft* > W 

xi/- ^©^-©a^^pipi-s, ct*i*ai: 

[0 0 2 2 J tfiCXggt j;nif, ^ 

;1>X l/-f)t0;W^o^t S k &ff x*° y b ©^i£ k 

SIX* - '? h CO-^S ©AftEgOVT <: ©^mtBjti? 
* S ; VUX u— Ffto; s y -© A * £ g|gl&lH£f 

<fc DW?Sttft>< 7-0**2? k&S <fc 5 ic l*-*ffiM 
ffiftf StlS^VX b— ^©^-©AS 2#3SSf 

k^-^^a. 

[0 0 2 3] *^teffi«l/— IfftBXSBtt, ^xta 

#i ^ s j-xT©^^xv-^«ffl*f^su— yjsag 

k, b-1fftSfr£tf}l^ftfc^;VXV-^ft©*^j& 
©fc-^-Sy-^fi^l x 1 0 s (W/an 2 ) £U:fc£SJ; 

tliP^k, ifetefflbyXtJc^A^nfe^^Xb- 
■9 ! '3 I 6©m> t £jS*tiDX^!fef©fig|55--&fe^5#ISk, in 

^*ffl*ffcrfc#lte glffi k x , imrjhfSk 

^©pMcffc^^fctirT t ;^VX©;^^XWff 
Wf5SJhSMP»o**« h$Sx^7 >o*fi*4:<offi 

b©^©A*tS^^Ti_©^-fttJfMTt5lfPa 
© A^ £*fflHH&fE«¥ 6 jSKT S K! PSilK# 

KSftfcgSPft©*;** fc&SJ: 5 K*3fcll l^X£# 

t^^©iini£©At2Misrr&, ztwmt* 

So 

[0 0 2 4] ^HitffiSU— !ftaIgEt:J:n6f, IS 
&©A^£«^VT£©^&tffMT#S§i§P&©A^ 

^fflis^iat^gbb^sffiirso iBP»saBi^ai± 

MPf£K?#IBK:J: t)S^?nftHP»«)*#* kfeS 

<t 5 EftTtffl b^x^^^^igpaoA^^^ia 



[0025] ^mm^fc&u-ifiuxmwit, wzm 
# i fisJKT©^^ b-^*tMfra u— trjES 
k, u- trjfcapip e> tn«snft^;i/x l— tf jtoautja 

©tf-^y-SStfi x i o 3 (w/cm 2 ) «±t%S£ 

fr-ommvMitm uyx^mumm v vxmzm t 

pgaffS&tK i->'Xs^fS-e5iK?iarcm7 , effi^> 
xc £ «3 mytz nft> u-x is-^<Dmx&*tai3m 

c tK^ioiaxim^fD^m^ i o«x#^ h*^ 
tSft©*^ uyXcom P&© A€ 5 k am* 

# v v ©^ta k mmmm^mmhtzmmmzm 

^gk, e5»X*°-y b©Tj-ffi©A7titlS'5^Tii©-ta 

t^jsif t s hps©a* ttmmmMM^mtrzm 

fcaBROiBtffl W>X<D»K* t % , c k k "T 

[0 0 2 6] ytuiSHt K 

MX#'V h©^a;©A^tS'0\^T<i©^-ftt^T'# 

©A#? k^S ± 3 t!MS©«^ L'VX<oaR*'r 

So i^>T> Rff aoTmostax * v h s^Bg-r set 

30 [0027] *»Kfc«ai^-ifjton3aitt» ^^x*s 

k, u— tfjtj|g)b^aii*?ns^;i'XU— ifJ!6o^7- 

ffi#t*tifc^;i/x if ^©A^jS© tr-^^y-ffia 
*1 x l 0 s (W/cm 2 ) BLtK&SASfc'W'XL'-tfft 

*mK?z%mi'yzt, mmyyxi£i$$sm% 

fflHPjR©**?«:BJ!p-r5aPSISas#©t, 

u > xt j; "3 nft u— 9%(Dmt^mwn 
wmoi pmc s #a k , ipxM^©^^^ 

-a-b-arT 1 ^^X©/^l/Xb-+f7 l fe^inxmiitRli# 
tScttJ; t> liPlMftlCflSt 1 -3©3£HX=J-°v h 

-+f^©^y-©A* sRtfra pssiiii^igt <t *) mm 
$ hps© A * ? ©ffl k e^fcx r° -y h ©-jtfc k ©f a 

B8K«*^»E1i LfcffiSP«IB'S#S k , iSSXl 7 
h©-^©AXJ£S-d'^Til©^ffit^T^S^9- 

50 ■ sswi^afc***, ^y-uas^sscfiapsiHW 
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— »fJtt©/< 7 -©A # S SO? ^ffl U yX*$trj6^3R 

[0 0 2 8] *^|£«SL— • nunmmnn^ « 
h©^i£-©A*EKoVTC©^SC^jeET'# 

mmmm.^-®.i?t>mm-z> 0 ^lt, 

ft, tf'^ii^amiif^ris^ji/xix— »f)fc©^y- 
©A^&tfiDtffl v>x^tfff^%a>masm±t. 

S^lilp-rSo i-jT, F?rSI©^?£©2£JfX^'y h^® 
©*£££^*l8rfcH*TVa©T% *IX*7 h©vf"& 
[0 0 2 9] *5HK«SL'— tfinisatt, ;^Xifg 
£, MIHU-^)l^ettl*f§ft-5^;l/Xb-^7fc©^ 

s ffitf s ft ft; wx tf ^©rn^js® e- ? ^ 7 - 

SJ*A*1 x l o 8 (W/cm 2 ) J«_hK&aj;'5t^;l/Xb- 

BuvxsaK^&uyXjg&^gfc***., arso 
Wtm yyx^tsft^mt'tn^ nHpftswa: 5 , 

n*., *axfti^©F^fc^j£^t>-y:T i /■W/x© 
/^;bx ftssnxSMbt a <i tiz x o ipx 

ftSit)©f*}g|5lC 1 ^©tXSX^ t-tfJgfijtSft, ^7- 
ifii5#atJ:DiSli5^ft5^;bX l/-fto;W-o^ 

^ sstf »© K^ffl u yx<D m pit© ^ s 2 ©e t a 

HX # y h ©Tf}£ fc OffiBIS«*^*iH« b fcffi 13911ft 
Mm^f-mt, ftfiX*7 I •'••<•' fKi ; X\/jir tt-d>VTc.© 

n«isis#^ & mm a t * « a. , ; w - 

5 ffi«Sft5;^X W 9* ^©^7-©At 2©SfMJ 

smsi:©»7tfflbvx©iijR^i-5, ztzmzt-r 

a„ 

[0 0 3 0] *fM!fc1&au-1fiDXSB££fttt*, $ 
fix^y h ©^©AAtSoVT c ©^SfcffM^t 
a ^7-©A# £&tmR^©*?2 ©ffi^fc^ffl 

2&t^R&©^2t&:SJ;5fc, ^ft^ft, L> — if 
ftiifr 5. mtf 2 ft a A;I/X 1>—If 3fc©^ 7-©A^ 2 © 



^7-o?c*say : ijgp|8[©^?*ffi*^b-&T 

[0031] *5SBHfc«su— finiggEs^r. /<; 
7-sK^iat ± d muz Htc 1 \ 7 - ©a t? $ ^a^t- 

zmm^SL HPSSK^aicJ: DSK^ftftlBPSo 
*S5*^T5«^m fiSf^Sf^DilfJ^ft 

ftffl©^ 7 -© A# s stfups© A^ 2 ^i^r a a 
^#$3HB**£3£i-scfctfTN?5 D cfttift 

if, SIX*7 h©^&©A*£«-oVTb-+ffin:S 

SAW^rat#©^7-, ipssaisiittf-e^ 
a Q 

[0032] *fgfatff ai'— yipxneKfei-'T, ^ 
c <fc ?> «Hffi«tft^*fta o asisaajnissfafto 

rtM t fc^T * 7 v ^ L f^I«-C'fe 

m. toxmm^ftm^&^xmwimmLrzmmxisz 

fL r K t- .«|I| T 'iLr+jo t ' r , T 

[0033] afe, ^v-mw^ommtLx, mx. 

^fli V-lf fro l^-^iraipgWtf S&fiffl if 
$a 0 e:n5tj;D, ^^x^-if^cAy-©^:^^ 

^lSS15-7-$a o £f=, PBP»sHlBS#®OlS«£bT, 
*lf, t:-Ax+X^yXRtf!ffS^D©5^^fe< t 

[0034] immr^^v— nuttm^ ><>ixu 
-^yt^m/t^mn^nmB^mn^h^x, aaxa 
mm- /Vbx is-vmmm- a c 1 1 ± 5 , tnxj^ 

ifjto/w-*^ 1 iii t) A* < Xtt^s < *a j; 5 
fcBiWU *o/^;^X U— "f^o^jSftiOl^f**© 

a c tt £ 9, iDX»*ti©fffi©^Bf^7'i'>'{<;)'L^ 

[0 0 3 5] Sft, *5SWIC«5 U-iffi[jI^ffit±, ^ 

^xb-^')t©*^^iinimft©f*]^t^fe-arT, 
iraxMii%tc/^i/x if a c t k x <3 , in 

xsmm^mm^'y 4 y\m~> xMTMwm<v nn\^ 
zmwrnc a ^•smmtjem-^m 1 xs t , / vi/ 
x u-ifiesmjfc-r i/^x^^tr^^wiip 

ic*^ l JMi. i)±Z<. Xf±'>? < a a £ 5 

fr-o/^uxL'— »nttoipB^*ii(rii«t*ort8Pfc^t) 
•a-T, ipxMfeftt^;i/x -tf^^figiif-r a c £ \z J; 
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•) . in frl'ii j n - , 'jut , 

2Xgfc* *ffiA«ct**Sai:-r5 0 
[0 0 3 6] tftS*^fc«5l^>fta^fc±n 

[0 0 3 7] 

itaX^&tf U-1fiinlSSfcl\ J: «3iSR 

[0 0 3 8] *m©M?©A> F^-v 'V 7Eg J; »j 
■TSfcnhv 01=2. 3, 4, • • -T'S 

jscvi-^^y-ffis (is/cm 2 ) T?asD, martf- 

WHSStflX 1 0 8 (W/cm 2 ) fiUlO^ffl?^? 

«jfaSOSIf3Sfi (W/cm 2 ) T^^So 
[0 0 3 9] dOJ:?S:^3te?eRiR*PJffli-a*||flHB 

wm%* m 1 a wifirax*©ftix:tf#*j 1 ©tou 

TSD, @2«0 1 t^-rimx*^ 1 tOII-HSEfa 
-3 ftlffffigms 0 , 0 3a u-ifiux&®iini3?Mfe*a 1 
Wfii0-es 13 . a 4 as 3 K^tM^Mma 1 ©iv- 

ipx^ti 1 ©¥iBll"E?&5c 
[0 0 4 0] El 1 RU'H 2 fc^-T <fc-5 E, iraXSti^ 1 

5 BH^tlitfftlMS^-efeS. *SSiSiBgSBlc«Sl' 
— y'iuxti, ^^SHKtf^usafcfr Ttaxma 1 © 

[0041] v-^mmm^-m^ > 5 fcj&o r 



^Bf^S^Y y 5 Kito Tinxjastft 1 ortSElco*. 

B&zn&o aj^esBesiic^su—ifjDxsstt, tox 
ft&ft 1 # w tfm^KiR-r a <i £ tc J: d *nx*f*% 
1 ^mm^T^mmm 1 mmt s©i?a&v\, tox 
stiitt 1 1 b— tfTtL^^s^pxwmti 1 ©ftgisE 

eRf&Sti^©?. ilSii 1 ©S® 3 &i%mt& l 

[0042] taxamsi o^nfttefT, gjBff 
Rift^A^s tfinx^Si 1 a^roasa^suns© 
T\ 0 6 fciarf £-3 Eit*Si^/jN?*tiT'iinx^&fe i 5 
Wtact^ss, ioT, iax^^ii©SS3 
t^gss:Sim«MSs-*s c k& < tosts 1 ©^o 

[0043] ft*,, BSj«n«m*kbfttnxmft© 

j^ft, tnxjWjtttitAafefta^Win^naiitcj: 

xfipxi^^t^^ffitf'jts^^^^wrs^i^jfios-rc 5 . iDX 
*k LTicX?«fgift©irriS^lft 

tiA^»f*n«*g-T?S5 0 cna, ^^.a'ipxs^ 
©jy^^^s^if^ immmtf 1 o-etRiti^fet), 
iiix^m ©^*^ ^ ? a i»j t tastwam 

y n ^mv^mm x ^©)#:* t±p < s s m^t- 

[0 0 4 4] ST, ^Hffi^fctJU^T^^MC,!; 
DJg^n«3tHfiH«tL.T, ^© (1) ~ (3) *** 

a 0 

[0045] ( i. ) ftmrnif— ^xa«s© ^ ^ * ^ 

p-lf ^itaXSit ^t) X. X ^LiTaOa £» £ £. 

m^ffitfl X 1 0 8 (W/an 2 ) fiLhTA^^I/Xil^ 1 

^ sJKT©Aff t?MSif-r 5 o £i ©^;vx*i©A$ * a, 
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SifiStL, c ftfc: J: D ioiM^cort^t ^ ? ^ 

XI O 12 (W/crn 2 ) -p^So ^;VXtSii0IJx.tt*l ns~2 

mmm±, mtf, st4 sian — um&nxBB5^iis: 

I (1 9 9 8^. 1 2H) ©l§2 3K~fg2 8H© l"H 10 

KfBi^nrv^o 

[0 0 4 6] ^SgBBtti, SJHSftfc* 5 2 

[0 0 4 7] (A) tUTSi^MS '■ ^Xf5X 
OPS 7 0 0 (in) 

00 l^-1f 
ft* : ^f*b-^£a©]d:YAGb-^ 

ifcS : 1 0.6 4nm 20 
L/-' tfjfc*#v YWiWm. ■ 3. 1 4 X 1 O- 8 cm 2 

1 0 OkHz 

: 3 Ons 
Hit! : tB±f< 1 aJ/VWX 
Wlfft&K : TEMod 

(0 »^fflb>X 

Wlf^SKft* 5j8jS* : 6 0 A— fe> h 

(d) *ni3>fftW«@?nsiii@^osiSiiiS : 1 o 30 
ftfflSSS^S T"*ft pjtg*,««t- S 0 

[0048] 0 7(±±ta^eogs%3vr^^77?s 

S«a*t/TV«. *5 -y h;tffli5:D^'y^S 

«tftS 0 95y97.$y hO^ctStt, i^-y^X^ «■ 

10 0L IflPiC (HA) #0. 8 0 fflif 

(C) ©f§^5 Ofo (NA) #0. 5 5ff)J§# 

T?S5 0 tf-^A^-ggtfl O 11 (W/cm 2 ) m&frZ 

inXftg^CrtSfc^-y^Xtfy b*^£U tf-X 
A7-Sg*^#<%S^;&^7-y^X^-y bfe^ 

[0 0 4 9] ftfc, **M0gffiK:fl5U~-ifliDXK:*f so 



xak-^teishsi i zm^-zmffltZv hsc^ 

LT#§rK£9-f yfcfioTlWi: * v >y 9 

trffiJST'feSo S 9 fcijrtJ; 5 £ £ ^ ^pI^ 9 <& 
tLT^7>^fr*S6tMU HI Otu^TJ:^ t<> 
7'^ inX*fI* 1 ©Sli 3 2 1 lz31M U H 
1 1 t^l" ± 5 £Jni*f£fe 1 tftijft* C t; £ J: u ipx 

*f^ai^*?5n« 0 toxjfif^sitoaffifcssfficiijjs 
[0050] (2) ^mmmbmmmmmm°>Wr£r 

Stfitf 1 x l o 8 (w/cm 2 ) 6LhT?3!n-o/VI/X!||*U /is 

*>tiaj3ffito<nte&£mm8mmm t &!8.-£t),% a mm 

ft»«fc^5ct oSU, ffflAtf^ Jftftfrfll 

MfcLTtt. gUJAtfl X 1 0 12 (W/cm 2 ) "P^So A;l/ 
XfI5±^Jx.tf 1 ns~ 2 0 0 ns*WS 
[0 0 5 1] ^'Jny^AO^fl 

«Biffi««*na c t^itc <fc DMSb/to mm 

[0 0 5 2] (A) inx^a^i : ^'J3>7iA 
3 5 0 (im, ?1-S4-l'>g L ) 

(B) U— ff 
fti® : 4£S*»b— !fgl^Sd:YAGU-1f 
Sfi: 1 0 6 4nm 

U— : 3. 1 4 X 1 0- 8 cm 2 

m^Mi-mm^ ■ 1 o orez 

^;kXi[g : 3 Ons 
ffiTO : 2 0 (iJ/A;l/X 
b— -yftp^K : TEMoo 

(o mmis>x 
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^ : 5 oin 
NA : 0 . 5 5 

(d) hnxttMimmw-zhzmw&ommmm ■■ i o 

0min/# 

m 1 2 B±ia^#"e©^— i f i iipxt t ^mm-ztikisv 

a o >"Jn^iAi liO^gBt^MaiM^l 3%*% 

S^ig©/??^©^*^ 1 0 0 /imgg-PSS, 
[0 0 5 3] jgJSs&Milii 1 3 A^^lRE t t>®$ 

■stirtczzimiTz. si 3ts, if^©^^ 

E*fi£#£l»£U ^©^©^f^TSLT^S,, S> 
U 3>3ft©IP&t7jS5 0 /ii, 100/znk 2 0 0/in, 

5 00/ti, i o o o iiaiD^iz^r±mmm^L 

fto 

[0 0 5 4] WlxJf, !Jd:YAGU— tf««fi?S^ 1 0 6 
4nmEfc^T, >"J 3 yJ6f£©JP&tf 5 0 0 /imfiTF© 

~> y 3 >*K©ft§ra* «t# 8 o %w±a 
a-tsct^^^o 01 2i-^f f /'j3^iAi i 

fflj¥£H:3 5 0 fimT?£5©T?, ^Jfe?ER1SlK<tS^Wl 

1 7 5 /lm©SKjHCflM'Stl.3 1 > C®^-&03S5i^(i, 
112 2 0 0 /j»Oi"J 3 V)x;NS##ietSfc, 9 0 
%JSU:&©T?, b— tf^^U 3>^x;M l©F<igSn? 

Msnscafli^^fe*), iSfc/uHtfsijata,, £© 
cut, -yyn^jM i co^sPT'L'— tf^eRiR* 
nt, ^I^Ji^^y^y^x^i i©rts|5tJfM 

fig) 2tlftfc©T»&<, ^IWaffi^A^Tt^lRt 

16 61 (2 0 0 0¥4fl) (Off 7 2H~Jg7 3H© 
rtf n£M;VX J; £ y n >©iul#tti¥«j 

[0 0 5 5] £*5, '^HWfflfl^ 

e^tLTSfffi^iRifciRi^oriJn^^s^ ^©M 

a 0 ?si*Ma@^&->y 3y)inogffci 
w t *mtf iistj&g-r s © -m^ia^ssft u ft 



[0056] ( 3 ) &mmm % mmmmtmmoii-& 

S^fc-frT, lxios (w/c 

/^;l/X^gi6T3a< LT, ^-TifflX^oxMi^© 
E KSfc-ef E , faTJtf iift © 1*1^ E & -Y :* > 

KffifcLTfcfc. WLfcTl x 1 o lz (W/cm 2 ) T'&%> 0 ^ 
fVXmtmxif 1 nsfiiTAWS L < , 1 P s£TF#S 5 E 

Mxtf, ^4 zmi'-vmnxm&R&m (1997 
^. nfl) «U0 5l~Iinlor7xAbi 

u- if-ia»fc t a #5 x fl*^«wwaiisBjBAj t 

[0057] CLhOiaic^JBgJBMcititf, KM^S 
Sltt, l/-f 3tC^7-ff>jlct ^ ^ISffi 1/ 

«:-a Cf^?s©iipic©^:§ 2 ^mtfr a c 1 1 1 d , 

;I/X©U-f'F.gM) -effM^nSEiiHg^TSD, 
•y i~©^tfe'!;yS!©^'ftt<:ov^T^5^^X^^ 
[0 0 5 8] jf7?#7#? hA^-rrSt, «»T-J' 

ycia^ f>:toI«»^©^»f©WS^TA^ ^ , s 
01 9*HJ^TBJl!Ji-rSo 01 4(i*fiiIti5U 

ffMuft^©*BiM^ 1 ©TOE^-asSo a 1 5 a 
13 1 4 ©9]if?S5-i' > 5 ±©xv-xvEr&o rmWi Ltc 
mmmr^o nie, hi 7, 01 sa^tif-'nsi 
A<omW^^y^(^s tmtt%wi-wu xvn-xviK 
' xvni -xviii e^ot^jbtl ft mwmT*i&% 0 ens© 

0^5^«t5t, tr^yirxtiv h9 oay^T^ 

<*S 0 toT, 01 9fc^-rJ;5fc«IBr?S5-i'>5 
^-^ftlfnX^ftl 1 ©«©«K^1K ft So Sft, 
Mrs*** 1 ©WM4 3 ©jafl^s < &5©T?Sj»f 

ffi4 3©¥ifittA^<feSo dtltSUT, B2 0tS 
■T«t -5 ie ^iiDXSS?:ffli/->T ^ 

77^^90 *i;[:®^(^j/J^^ < fflilJ 2 0^«K 
T) mffct&t, ?7y*^'y h9 0^1£|-efFM't 5 
^•3^77 ^X*°'y h 9 0 ©^K^V'I' y©73ln]^ 
e.'ftift7j(nl©l£tf D^»jT'gS„ ioT, 02 IE 
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[0 0 5 9] CO±5fc^5y^XJil«'j» h*^#f¥5 

w#^fta«s*t5citfT*?at/\ feu jsstf* 

[0 0 6 0] ^%mWM^Z.ftXt>?=>V>77.-&v h<D^t 
&%Vm?%&<ihfc~D^Tmfflt&o EI 7 lemt J; 5 

100, NA0. 8©i§^©:77 7£X*-y h£D?^2 
t±, iTEffi^fflipSO, NA0. 5 50^0*7 
7*X*>y h J; tJfe/J^&S. tf-^y- 

& , lfci?C V-if Jlfi© 1 / VUX S ft 0 

hltrffiittftwibifi^ 
*JtfflUVX©HP8!t*^*< (/Jv£<) &;£fc77'y 

[0 0 6 1] HBtffll/yXJDncaSWBi;-?*., 

f 7-y?X#-y hO^tt*/>S<*0«l?*, U— tfftflO 

[0 0 6 2] Jc^T, [g|7 t/^f 7*7 7*p£7}fr5.fe5 

< 7-*/Jn S < * 5 C 4: J: D ? 5 ? * X * >y h <D^ 
ffi^S<SJfflnfSS 0 iEt, ftftffib>x*©§flnlt£ 
/ha < T* c fc-f w- tfjfco^y-fcfcss < f« c t k 

[0 0 6 3] ?7-y i'X^y h©^SW(COV>T, 0 
l a, c © b— mMK £ >3 ^^MiKfcjgC b 

^-m&Lt'Dmm&K&^ttmm-z&z,, 02 3 1±, 
£: © b-^m«i§M- * s £ =m mtwmT'B&z 
tircZ9v?x$v \~ 9 o<r>wmm?3b%„ —ft, 02 
4 mm-ma. m 2 2 K^rm^^is^mtmto^t 

l/^fralSt^l^lfSllTi&So C£0b- 

-y^Xtf-y h 9 0 OiT®BT ! feS 0 ?77?X#'? h- 9 

0 c9iS2haiSS4 1 «liPX*t» 1 ©Jp^^ifistteW 
S^tffifiFL, X7-y?X^y h 9 0 (OftrttfSB 4 

1 ©toima i ©j?s^[R]tits-rs^iR[©>mtffi 

t ir 7 'y ?X*°7 h 9 0 ©iSSh^&^/J^ < t 



h^fe*7C*< T^So 02 3 brnzszum-wm 
>x<Dmuw&±%< (/>?<) i-actcj:?), 7-7 

■y 7X# 7 h 9 0 ©H^h^e*© *ra#/h? < (±1£ 
<) «9T-t5. 

[0 0 6 4] @2 6K^-rWa, H2 2t-5Kf 

^JiD^Sw^y-^^XP-if^LA^gptft^a 

nrh^ijaxmmn 1 ©iffHE?ss 0 a 2 b t^-rgtj 

Ti±b-+f^©^7-£vh£< LTl^5£DT?ffi$4 1 © 
EH«0 2 2 ta?Tffi« 4 1 ± 5 t/J>S < 45. 02 7 

$2tlft777 7X*°7 h 9 0©S?ffiSlT'S5o 02 3 
tlH2 7CDtb^5B / §5^^i9^ ^HU-yXtDH 

tSt^77 ^X^-y b 9 0 ©^^h^fgwCxt-^/jN^ 

[0 0 6 5] 192 8 C^TtBlte, H24t^-T 

cn i '^>sivw-©^;i/xix-+fm^rat*7ta 
nri/^JiDi*(#a i ©ifiiHTSs. 02 ga, 

^77vX#-yh9 0©|iiBt'$3 o 02 3hl2!2 9 

<) -TS fc. Z^virxtfv V 9 o ©ft$h^llw©^i£ 
^/>a< (7^:#<) SWT t So 
[0 0 6 6] tt5T% i'v'yi'X^'y bC^sgRim 

- , [ Fit. , | 1 ,Jf, L r ti S - i^^f.r t ,j ; U L j 

iS5<6^lx— tfJtCififiaSSTftJfcoISIfcftSo CO 
fefc, l © U-lfJIfiffl H- A 7°P 7 r -f ;W± *' v ~> 7 > 
7>flJ t OT?, mi^aSH: kf— AGO * 1 3fi < , 

J: 5 fc&Sc H O U-^*^^(c»7tffl UVX 
t J: o T*3fc^nTV < Met^v^Tfe»*Wfci±^7 

[oo6 7] ^©.taK^MJi^ins'^ 
x 5j? -9 h ©^s^sijp t*^ s □ ^77^7h©^is 

W'^^V^OX^tiKoi/^TtMSX^-y < T 

SuttiD, ^]Bf-f'^7-ryt)0oTftSt^|f^T 

s» fro. w»fEo¥ffltt*uv^BfS'racttfRrffi 

Sfe. SKx*-yh^#<tSi:fcii:J:!) 1 
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25 

co oe si sft, wz&toTitmi<Di£&fim t MR 

iRlEJgjffi-r S £ 5 ? ^X* 7 h 9 0 

0 2 iKXfH3 0C^-TA5fc. si 

h9o©ti£^<ta„ etir-fct), tnwtf&as: 

[0 0 6 9] SfcftX^ FOtS^IWttXctE 

mxtfv h*at»$fu*7 h nasi© c 

5„ ;^Xb-^©^7-»mtt'l /U*Mitei>© 

0 ©x*;^-fc b— tfftfflM «8S**t;;fcftt?SS 1 F 

[0 0 7 0] *HfflJfM©MftfJ^BJ3-r5 0 
[0 0 7 1] [jg 1 0J] **6tf&8<0» 1 ffllCftS b- 

4 0 0 ©MB&fftSST&S,, b— !f taiga 4 0 0 
fi, wyjlCLftS^r* tfJHUl 0 1 t, b- +f 
jtLO/ ^;vx*P££lII5-r s b— tfftil 

1 0 1 fcflfflW 6 b— IfWIW 1 0 2 iu b— tfjt 

mi o lA^awstifeu-ifjtLo/^^-smss-rs 

^9-««P4 0 1 £, 
[0 0 7 2] ^9HWJf»4 0 1 fct, ffliJtfcf. &2&©!JD 
(neutral density) 7 -fA^ t, #107 -f ;b££ b— If 

®as*«5-r7>f;l/* «!K©ND7-i' 

n^ns^^saso ^7-isfpgM o 1 a, sa« 

ND7 ^ ©ftn^Xfi cne 3 cttl 

9, b-^FftiH 0 l*'-6a}«Snfcb-1f? I eL©^7 
-*5HHT« 0 M£©ND7^;b£©Sft*^!»li; 
fcU ^7-sSffig|54 0 ltfb-m51»SU 
SHftfeBt^t&?'&SND7-<;l/^©{@if^^S £1 

tit), b— vym i o i A^ffiit? tift b-mo 

[0 0 7 3] %*5, /W-Mti5^4 0 1 tt, ptLMift© 

b-^m©y£Wf-^bTS]tt£isi2tirciB7t7^;i/ 

£ fe, fH)t7^;P^*b-+fm.©7 I fif* ; & c: i :i ^tf?fScD 
7-Mff5gM 0 1 ttei-^TTtW^r^^tpjfMffl^S/cW 

{M^-YJ^^iac^^actEit), b— ff^igio 

1 A">C.a*f*nfeb-1f3lfiL©^7-&iHfitS-rs 0 

[0074] b— tfjeasi o i ©SjjEffl^«ftb 



26 

-^©0fiitM^ffiij«»r#^©-M-pfesb-^ 
^tfisflssu i o 2 -z?wr 5t tti t>, b-if jtas 1 

0 i fr5ta#£ftsb— wo/^^-^isas-rac t 

&T*£3 0 Jc-^T, b-1fm©^7-&, 

g]54 0 1 RZS b— tfftiSfSfflgP 1 0 2 ©'>% < a kl^f 

fifr— TjfcJ; DUfflrra c k^T^So b-~+f)tiI« 

mi 0 2tiSb--'f3 l £L©^7-©llffiiT£^T^S?I 

^tD^-^sfaffit^^s^Tfen^w-fiipgp 4 o 
m^g-efeSo uiMMLft^u-tDrnwu. b— f 

[0 0 7 5] b-+f-&0TJgg4 0 0B?Bt, Ay-|S 
ffiSH 0 1 TvW-^IIIi3Snfcb-+fmA^AML,^ 
ob-1fm©ft«l©iR]#:& 9 0° MZ-Z, X 5 tlHSS 
nftW^n>f'^57-103i;, iSM^n^'V^S 

■5-1 o 3-ps*f*nftb— 9m*«jtrs«3tfflb 

bX£ffl^tfb>xTIRffii4 0 3 k, bbXHMi 

- ft 4 0 3«ljfP1-SbVXi!W«flJ«4 0 5 fc, * 

[0076] uyxm&mm 403 b>x 1 0 

5a, 10 5b, 105cfc, EmS^^TSS^S 
4 0 7 fc» ^KS„ «MSfflb>Xl 0 5 aS^&Jt^ 
$©HPSk *7^fflbyXl 0 5 bS^OW^fiOIHia 

*^fflbbXi 0 5 cft^wtt^fioBBpatttn 

0 5^?>©fi^fcS^^TS#S4 0 7^Sllfe 
^^■SCttit), Wmi^yXl 0 5 a, 10 5b, 

1 0 5 c of A^jf iotfes b^xs u-f m«7K 

30 UttteES^S. f&fe5, b>XHJR«S4 0 3ii 
[0 0 7 7] b>X)l«*4 0 3tCffi#^5.tL 

T?fc <fcV\, b— tfiPIgfflOJSf^^ TittHHt- 3^f* 
iiMlbyXl0 5a, 105b, 105c«5?H 

[0 0 7 8] b— tfs&niSB 4 0 0 5 1, *7tffl b 
40 >Xl 0 5 a~l 0 5 c«5*.b— tfmCTt^tSH 

a^nftft^ii b>x^*^snfcb--fmA\^M* 
^sta^iitu 1 ^assn§«a^ 1 0 7 1, mw-ts 

1 0 7^X«I^(Rlt^itl^^Sft;J6©XlitXx--v ; l 0 9 

iiBif 1 0 7£Xfteft£ifi^£Yffi7^E^i]£ 
■fiSftfeOYliXx— ^'l l l t, Kff&i 0 
tfriSTjiRi t ES-rsztt^iRit gg] 2 s ft a ©zipax 

T" — 1 1 3 t, CttBH^©X-r-i>'l 0 9,111, 

1 1 3oea*a»-r5X7 L -^w»giJi i5t, *f 

5 o [00 7 9] ZttT? tRlttiDX^^ft 1 VtiW 3 t fi^T 
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s?^&©t\ mumm i k Ait-rs 

-^M.(rsm%^m^t>^chif'^^ sfc c© 
mtiSmxco ttSftogam, inccftsift i £x(Y)ffi 

Xt- 5?1 0 9 (111) C£9X(Y)ffc£ft£&Kn*-er 
SClttADfT^o X(Y)lfiXT— ->*L09 (1 1 1) # 

[0 0 8 0] b-^Ttif 1 0 1 tt/i;WW«5fl4 
-rSIdiYAGWif^feSo tfTfejgl 0 1 Cffl^Si: 
t^tSU— (ftLT, C©fll Nd:YV04 U— f^Md: 

IB^&llMfiJi&^JiM-f 3i§£\ Nd:YAGU-U\ N 
d:YV04 L—+f, Nd:YLFb— tf'^m0^©AWJil?feS o 

[o o 8 i ] Hi fflT?Bin:dtfftfti i fflinit u 

S a - 1 0 5 c ttJfc^&O-flrefcSo ZiXf-f 
1 1 3ttV-if^O«^*inX*f*»OrtSSK:'fr*J'a 
£#$©-$|T£S 0 OTU>Xl 0 5 a~l 0 5 c 

[0 0 8 2] tfft]XSS4 0 0»£&£, ®S£l 

^n-Yy^S^-l 0 3 RtfUftffl l^X 1 0 Still: 

3\a*±fcE«*nftTOtffloii*-ixx^u»*i 1 9 

i:, ^fi^-5 0 H-AX^j'^l i 9 tuftsin >X 

1 0 5 t<DffllC#>{ ZU-J v $ - "j— 1 0 3tf|EB£ft 

t^5 0 ^-axxu^i 1 9 a, 

*Klt LB *} O^fcSBfiT S tSfll* W L ^"3rHUB» 

&#<<im<<y 0 3St«ltJtfflUyXl 0 5 
L, fttiSteW i ©iatfrKS^ > 5 ^fcmjjt 

[0 0 8 3] u— »ftoxs«4 ooas^t, t-AX 

ml>x i o 5 tffluymttew&znrcMWim? 1 2 

lSW^ff b>Xl 2 3 5fixS 0 Jlff^?l 21tL 
TB$J£B'CCD(charge-coupled device) ^^tf&So 

K*fftft, ft^ML^Xl 0 5, ^^nY'y*57- 
10 3, l^-AxX'J -y^ 1 1 9*SIU £SL>X 

1 2 3 nrsft!«? 1 2 1 -i?issn, »«x 

[0 0 8 4] I>— (f'iCl^S 4 0 0 a* sic, as*? 



1 2 l^Sffl^snfcaHftr-^tfAASnsftffiT- 

^ffiaap lzsfc, u-^in.xgfi4 0 oii#*«t- 

S^»H«SP 1 2 7 £, fc? 12 9t, fcflAS,, S 
m^r-^mSMl 2 Sft, Jlft7^*«CLTiSl 
ftigi 1 7T?%iUftRra3tto^jg*^ffif3±lE:-&b^ 
5 ft feOHjST-^ Z»Mt * „ t ©« $ *IE 
LTXf^WSl 1 5^'Z$i]Xx— 71 1 3£#ll 

WWT S c f: K J: •? , njm^O^^A^ffi 3 5 £ 5 

tfSc ioT, ^jaasui 2 5a:t- f:?* 
an 2 sa, fflkT-?*wzhTgm30y&kwm 
i 2 7E£i&*u ^««R^M©i^&£tu 

[0 0 8 5] ^ftfffiM 1 2 7 Clt X-r-v^JW 1 

mx-^ ffiagp i 2 5 a* & ©aft 

ii=»Mffi*n o ngj&Bftasu i 7Mxt- i>'MW 
l l 5 L— if inlgg 4 0 0 £ 
hT, ±*»J»SII1 2 7iin>tf^- 
$n.-yYtLTmf&$% a Sft, ^frSMSPl 2 7(4 
^•7-«gP4 0 1 t«flEB9fc«tt?hTI,^* 0 H3 1 

^7HWWS4 o i *«d»u cnt ± o^y-^iiffi 

[0086] H32 lt£#ffl&i$ 1 2 7 £>--®|©— gp^ 
^1-Xn-y^ll-e^5 0 2 7tt, ^"SM 

ffii4 11, fiMKilfg'lttN l 3RtfH«fMgP4 1 
5%ffl^5 0 1 1 tttb— tftol^Sojl 

AA1-*f!tJ5lCM©fcfflUyXl 0 5a, 10 5b, 10 
5c©^ti*^3lK-r5AAtL,Tfei;i,\ c©t§ 
1 2 7 fc^Jfcffl 1/yX 1 0 5 a, 10 5 

b, i 0 5c, tti^tuomnm^tbSBLr^^ m 

£ftME^")4iIfJ?93 4 1 iex*ans 0 

[0087] +a&8ia^iatiS4 i 3 tt±, ;^1/xl-— y 

h©^-ffii:©3fg|||P^-?J6E'lStiT^5 0 03 3 

^©tijpiiHi^-rT— x;v©-^jT?fes D cogij 

T?l±, BBPS©«lt(±m^fflL/VXl 0 5a, 1 0 5b, 

1 0 5c©=g-«£oi^T, ^n&^cr^so^p^ 

*^?tiS D ^7~©flHcS^7-Hfiifg|S4 0 1 
DMSET2ft3>WXL'— tf^©^7-©A#a*^SS 

ffl^fc^<tt)JgjSati?)5fcSX* D 'y h©^ts^sg 
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2S 

^tl5„ $!it«\ 1 . 2 4 x 1 0 11 (W/cra 2 ) 

©^ffiS 1 2 0 /im?©5 0 COtailll^Ox-^tt, 
Mx.«\ l/-1filDlBufcB2 2-02 9Tt&WLfcSIM 
£"T 5 21 £ t £ t> ?§ £ £ t tfT* S „ 
[0 0 8 8] \J-)£aKgP4 1 1 KW-OfcZSAIfm 
□fit© A ^ 2 ^ A* * d t K J; 5 , ^JISffiRSP 4 1 

1291:13. cntio, i 2 9taA±isn 

^{(©fiA^x®-^ g&3fiWI©fi£*ffS-r3\f- 
Sf-^i't^^ l 2 9 

[0 0 8 9] ^ragsm 1 1 tuzmtajs* 
s^©x-^a, x&stKSH 1 l^mtmssu 

I 5t^6*iSo H«ftfiE8M 1 5 a, <l©-t&©'r- 
^*St bTC©^!S©SjJgX^>y hOB»7*-^*f^ 
fiSU 1 2 9 t^So CtllCi t), ^-3? 1 2 9 

[0 0 9 0] ^7-©;*:2S£HJ£U llfinR©*:** 
^RlStt-SEitfcT-t-So <:©i§a-©-f— 7;w±03 

4 EsSf £ 7 E&5 0 Pfctf , rtV— £ 1 . 4 9X10 

II (W/cra 2 ) tHJgLBHPl^O. 5 5©i#fcJBfi££ 

fts&gx^ h©\Tffifi 1 5 o /i-nTSSo sft. m 
□^©As^fgsu ^-©^tsfc^fc-rsc 

9 x l o 11 (W/cm 2 ) ©£^fcjgj££ft5i&fjx#>y h 
©Xi£(£3 0 fimT3&3 0 
[0 0 9 1] 03 1M03 6*ffl<^T, -frmM 

mmom 1 wt^s mxfi&&m?&. m 3 e 
m?2&£ 0 inxm^i«^y3:x^:L^T-;fcSo 

[0 0 9 2] Sf\ itaXfcfftfc 1 ©^«#'SSH^L 

ft v vftttftftfj^ tit) 5 o c (mS^ktcSrS 

v^fi©L/-ifm*^-rs>— tf^i 0 

-rs (si 0 1) „ 35?ki, inx^mft 1 ©j?s*?ai^-r 

£ 0 JP£offl^SI2itf;ta:Dtf*ft 1 ©JSJJt^^S^L 

t, iipx?-fmtii©zws'iR]©»a^^-rs (si 0 

3) 0 tfttt, b-lfmoA^PA^DX^t) 1 ©ft 
§Ptf^2-&£fc<s6fc, i0X#t* l ©SS3 KffiM-r 
£ U--tfm©ft}ft££«Jpi: \,TzMTMWm 1 ©Z$K 

ipf©^sjfi-efe§ 0 c®&s&*&^fHwan 2 7kx 

[0 0 9 3] MTM^m 1 fcWIfftOCgg 4 0 0 ©fg 



30 

^mmm t x^xmxwmh 1 *^-ra (s i o 

©«®3 5-»#«?l 2 ItJ:0Ji«-rs c tl©lff 

-#£S^vt»®x^»i^ 1 2 5 immmftm i 
1 7 © mw&miS&mM 3 tttssr S £ 5 %f^r- 

*£ilWt5 (SI 0 7) □ 

[0 0 9 4] LlC^j&x-^&X^-^ffflWl 1 5t 
3s5>n§ 0 X^-S^JW^l 1 5ti, C©^^-^ 
10 ^LTZftX-r— ^1 1 3^Ztt77[^©^i&2€-5 (S 

109) „ utifcx*), mmFsytmi 1 7©^^©^ 
MtfmmsteftMtz* Mf-^iraaii 2 5 

ttftffl 1 ©Sffi 3 ©SfcfcHtSr- £ «JfS*f So 21 ©ffi 
AHftx-^H±f*$lJWl 2 7 S^LTt^J 1 2 9 

tsstu cntiDt-^ 1 2 gtSBM^-fys 
. ^©JSAsmA^jsstiSo 

[0 0 9 5] ^WUMIS 1 2 7 EBWfy 7°S 1 0 

3 Tifc&s nfc^as-r- £ ffA'Ji 2 nrfe d > ^ ©^ 

i?*J»9S 1 1 5 tt 2: ©^i&S-r- * fc S-^'v ">T, U— tf 

Xt 1 -^ 1 1 3 t«fc 5 j&nl*»« 1 *ZW73lRlKgtS6* 
(Sill). 

[0 0 9 6] 3klc, ±ET?H?aLftJ:5t:^7-arflI 
PIftffl**4«^ftlW»W 1 2 7 t A^fS. A±f?n 
ft/^7-©x-5fE*-5^T, U-^m©^7-S^ 

7-ns5gi5 4 o i Kx^mmzriZc AtsisftffiMu§k 

tDT-jttc&^T, HPfttt U>XTIK««»£M 

30 o5^lt is>xmmm 4 0 3 b^x^s 

^WfflgH 2 7 0^SlKgP4 11 (H3 2) tATJ 

*>tDJ3tmB 1 ©rt^fc^sns^Mx#-v h© 
^mMffifflmAX-y bmmt^-tt 1 2 9tgs 
^ns (si 1 2) o 

[0 0 9 7] U— *f)tjg 1 0 1 frZ \s-*f%Vk 

fg3LS^T, u~- vftLztaxMmm 1 ©« 3 <o*m 

40 ^#jl©F%SMrfilLTV^©-e, fSIIMIfitS«a7j[lX 
Sftftl©ftS5fc©W&filt£*l5 0 fLT, «»f^5 
> 5 «t 5 tXfSXr-^ 1 0 9 WttXT--^ 1 
1 l^flS^X «H«Bl««*«IBT^S7-i'>'5t 
JBd ± ? tiraxjnf*#i i aynmmm-^ (s i i 
3). „ *lt, mT.ttmfy)ittmm : ?& : 7jy5i-ra~} 

Tffitf 5 e: t t<fc *) , taxafeft i *«»fra (s l l 
5) 0 ctifc<tt)» mjinmrni^y)^^"^^ 

[0098] siM©S6a*»wi , rao cmtina*, 
50 ^^K^^jgc: ?^s^t?^oftiXjy*«i i ©ftgp 
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Xt^^'I 1 lSflJfSCttif), AJlfijStPSa 

s^tn® itmrtf£5<< y 5 Km 3 £ 3 £anx*n* 

l ©P^£ffMb-0^ 0 iDIj^&C-BJBf'f 5BJ?f£ 

fsrs^©e^^$,s i\ ftri3*f*si*i±eflg/j^s*T? 

t LT^i^g^ y 5 ^oTiPXJtfi^l ^-SUStl 
Zi$T*%% 0 Cft£=fctK iPX#i*l©gffi3£#JlT 

* < tfoxsm* i £ gjifr s c t ^-e* s 0 

[0 0 9 9] Sfc, Hi fJ££ft«\ irax&fcft 1 fc£ 
JtfKiRSet^^SfeftWofipiwafe 1 ©fc&£ 

ma i ^siiu mxsmm i ©«®3Ttt^;i/xb- 

S 3 tfSWSiD^ - s>*SW £ c t tiftt \, 

[oioo] &±mmLK.&?Km\mic£m, mx 

ftfcttl 1 ©Sffi 3 £«BfFS5-f > 5 A* 

ftTOB4#m ^SHWi U « t i: & < , y ^ 

^^-ytf^sftTv^s'lnis***, Bile?** 

^ffi £ tvV X 2 ftT ^ 5 fcnxft ma £ o<, ^ 
T&Elflrea&So £oTs SSlfljEAftfcf, AulS^ftl 

-r s ci 1 1 i d f^ia s ft «, mx 

[oioi] sfc, si <?!l£<fcft&\ irax*f£t» i 
®3©^»r^7-Y>5aMi*b*^©T\ 

€5. Cft£<fcD, -t!£Otnijl>f*BliP6f^f*ft« 

[0 10 2] Sft, ^lfl£j;ft{±\ iRX3t 1 

It, H 3 7 £^T <fc 5 £fJKH^5-r > 5 tftt*t&3&R 
ffe^Tt, HlMt^ft^WtoXA^tftSc C 

[0 10 3] [»2ffl]5t*:, *^ffiJFM©m2M£-3^ 



■tfipxggs o ooswsflijSfaT'feSo u— *fiPi^M 
500 ©asssg® 5-5, 031 £^-rm i mKm% v 
-+f'icxss4 o oiomimmtm-mmic-D^Tim 

[0104] *finiSB5 0 0t±, ^y-fgfpgH 

0 1 fc^^U-f^S^-l 03i;£DK«U— 
©3fif*±£E-Ax^X^>£"5 0 1 ^laSSftTI/^ 

5. if-A^x^^s o i a^BMT-feDs 

0 1 KitlU-mititf-Ag^ 
10 *<&SJ:5£iBBfSft5. e-Ai+^<y#5 0 1 

5 0 0 f± U>XSRffii 4 0 3 cDftt> D £ 1 ocDft^ffl 

uyxi o s^lixs 0 

[0 10 5] b-^f toXgg 5 0 OVWifttffgimvl' 

* 0 JMT. cfttov^Tlfiffi-ra- ^ftflOWi 2 7tt 
t-Ax+X^>^*5 0 1 tm^£g^?ftTt^o 
H3 8ttc<DEat*#ieLT^S„ ^WIWl 2 7£ 

2 7 lie-ii#X^>?5 0 1 ©^^SASSiJffll* 
t«. Cft£=tD, «3ftfflL'>Xl 0 5£XSfT5b- 

0 5tf lOT'SoT^ ftTtfflt-yXl 0 5* 

ft*H3 9&tJ ; H4 0*Ml/>TUiii'rS o 
[0 10 6] 03 9 it. ti'-Ax^X/^>^"5 0 l^E 
g?ftT^%V>iI^-©m7tffiU>Xt 0 5£j;3U-1f 
JtLC^SarrKTSSo a 4 0 It, E'-ix 

30 +x^>^5 o i tmwi£tvT^z>w&<rs9&mi>yx 

1 0 5ic^v-^wWt^tWt:h^ 03 9 
&Lf a 4 0 Z±%i?tiiZftfrZ> - 5 £ . li-2o:4 

>^5 o i mm-^HTi^^^aymtmuyx i o 

5 *^tr3t^OHPSi*»itl£t-5 f§2 filj-pttffl 

psa^ < as £ 5 fcwssf s ctms. 
[0107] [H3W]^£, *mm&m3MK-o^ 

TCti%-?<Dmi:tDtm%$>£'>KmWT&o 04 lt±c 

[0 10 8] !fiPXgS6 0 0B, If-Ax^X/^ 
>^5 0 1 ©ft*>»}£, 1 0 3t 

iMwx*i o 5 t?)f3<D}s-i?m J <Dmii±jz.mz- 

SO 6 0 1 *«SSftTt^ 0 il^fciD 6 0 1 ©UP© 
^?^x5;:i:£j;*)*^JSU>Xl 0 5©#?ii@ 

^isip-rse Kg«E5 e o i ttupssaas^ao-ej-c 1 

fes„ sft. u— if jfraxatl 6 o o itmzi&fy 6 0 1 © 
HPO*#***A5W»*-r«*Qgtt5»J«»6 0 3 

so %m%-&<, mm mm 6 o 3 it^mivm 1 2 7 £ 
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[0 10 9] is— ^finxmme o 0©Krf1^::tii:T© 

%zim-3^rm$m & o i ob8p©*#s*ss.s 

mfc-rs. ens:**), netffi^yxiostfi-oTj* 
ott, ^/:;ii>vXi o s^ists^^omam^ 

[0 110] 04 2tt, ttiJg^AWISSnT^SOJt 

l-^x i o 5 fc .s: 5 i/-ifm©m«*^-r 
@-efe5o -7?, 04 3 a, XL&ttB 6 o i ifigmsti 

*= 

[0 111] 3^Jfi3Bffi©ajBffi|*BtfH-rSo 0 

4 4 i±*mMBmvu-ymx$m<om&mimz-z>n 
s^fwuffligp 1 2 7 ©t'd vvwe&Zc -kwimn 1 

2 7te^7-ilMH 1 7S.U ! fflHK^IHliaS4 1 3£r 

tovi lam^d ,141 , j , i _— j-'irw 

IB^©r-^A^46iatt^nTV^o tfiraxas© 
${t#&*-#-K*££t>^7Hg#?gM l 7fceSfS 

4 1 3*^£©^Sk|i3Dffl©^a£ft]^3>S7--£ 
KRU ^©^7-©x-££^7-l»S!P4 0 Its 

hS^rirrsc ttfRT^kftSo c©^7-©*: 
^©r^ttt^* i 2 9K¥>jMe,n, /^7-ffl*# 

£ *^ £ *l3„ £ Oit l± M P&tf S^Tv > 7 bT 

^kfes 0 sis, x^stifc^ratfBiDftf^gA^ii 

H^ffl'SgM 1 3t|H'ttSnri^u^jf^, 
©^C^j£'T5^7-OT : -^AVW-i)lll5gP4 0 1 

[0 112] 14 5 t±*^SKl?fi© flMXSg©« 

SSo ^ttfJMM 2 7l±BBQlBlft854 1 9&tfffiH 
] 1 r "h ,T 4 3 it't/c _ 1 K ML fl I" - 

HH&1SKBP4 1 3t(±, 03 AKw^7-°-$b^!bm 

i.-snT^5„ u-^iraxgft©§ft'#fci*-^- 
tcfctjgipiKSftaH i QKzmxt'vVDpmv^m 
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supftsaau *©iipa©7*-5f*byxaK«i 

fflSUffllgP4 0 5, t*-ii+7/^?5 0 lXfcljEgJg 
*Di|iJMIS6 0 3CS5o iot, C«|lPffi©±§S£ 
HSS£ttfc U--*ftaXigST'b- ifinifa ctw 

in -^HSTHPSA^k&S.. 

[0 113] 04 6tt^filSJ&ffiOU— tf*[HSS©$ 

^BlT?fe5 0 ^*§0«1 2 7tiffllW4 2 IStfffi 
BiHSIHsglU 1 3*#^5 Q 0 4 4St>*E!4 5©Mk 

gas^a. ^y-atf MPSfflM ^a^ssrefta c k 

fflKKMBtf.^4 1 03 3©^7-ft 

xs bhp&osh k ^ t ©ffiias^©x-^ a^agatss 

*JffiSJRSP4 2 i tMx*7 hvrmv^mxjj? 
20 3„ c*lKJ:5, ffi»3R4 2 ltt, fBHn«Eft»4 

1 3A^c©Tj-akiii:ffl©Tji*ti:j#jiSrr«/<7-atf 

HO»©fi*3Bftrs 0 JMKSnftffi©^7-©f-'-^ 

tjy<7HWBs»4 0 1 fcassn*- SK^nrcfi 
©HP»©7*-i'Bi'>xafi?»(iis>jfflia5 4 0 5. f- 

txa„ ioT, il©ffl©^7"S.rfllP^©±€5KM 

Iff « nft b-*fipx*MT u— if ini-r s c t a u , 

RFf^© \J1S ©3RSSX4? 'V h ^JBfiS'T 5 £l k A s RTt^ k % 
^ Q t©fi©^7-&D ; rwlPi4©^:t^©-r-^a ; E- 

[0 114] Ln5>©^fl?WltcJ;tiff, SHX^'Vh© 
\J1t*/>* <-T5Likfc t tD, iniS«Mfe«i©^»f?S5 

Bfij'RlMkfta. 
[0 115] 

Jinxjj ffit <t ntf , inxM*l3©affiK}gil^«if ^ 
^nfciijn*^ C5cts<, Jjdxm^Sj^ 

iikKitJf^iisnssfia (Wxti e 

[0 116] *«E«S U^fc]XSgSt>V-^iD 
XTiSkiiatt*, BfcSX^-y h©rJ-S*S!l«n?#3a C 
©ft*, t]ir?£5-Y>fc^-5TffStiPXmti^ 



(19) 



2002-205181 



35 

[0117] ^mmm^^-^mxmmKxtn£. ^ 

y-©*££&OWnSfc©;7Ci£S©5 V>&< tfet^-f 
n^-o©A?j£S-5^ etLP,©^ff-e-^^nss 

[0 118] *$&HHfc:«ai/- ^iniggfcJcntf, & 
1X^7 h<DTfife©A2j£S^ 3tlX*-y btf C© 

[EM©ra*&IKHH] 

[0 i ] *^asff^t ^5 ^-+f inxTjSt ioTb- 

[02] m i ^^-rsDimftoii-iist^oftsifM 
[S3] #mmmtc.&&Ts-*Ftaxjj8iK£Z]s-Tf 

[If 4 ] 0 3 te^-S-ifJIjWfe«(OIV-IW»fc?B^fcWffi 

0- p&;£ Q 

[0 5 ] 0 3 fczp-rftlXS«lftOV-V«t?&^ft WiBH 

[0 7 ] ^se^fficiflis u-iftai^tttfetjs w 
<aa i: * 5 y * o** £ ©S8£l£^ ir 7 -eft 
[0 8 ] ^wtcffis u— tf ini^rj* <os i xgfc 

[09] 4*^«c«*i^ifj6piA»<osrznjee 

ciioi -&mimm\m%> u-if jfmx^s©^ 3 xg 
t fctj a im^a® »f ish T? fe s o 

[Kin 2fcsgfitegj£fcGis iftox^oB4ie 
k *3« 1 § iuxftgitt© jgg| t& s „ 

[@12] ^USS^ffifciSS V-ifiiEMlcl: 0 «K 

S *lfc 5"J 3 V ■> x /\©-gp £ »fffi<D¥IS *S L 
[HI 3] *HBl£i5 b-f tolMttetJ 5 1/ 

~»f nfvn yw&.n mvmmm t © mm 
[tai4] *mMBm^m%u-y>bnx75®*m^Tt 

[HI 5] 01 4E3rr«IBr?£7-O±0XV-Wfc» 

[si 6] 01 4fc,Tvtia»f^^y£a^rsxvi- 

XVI t ?&o T^JSt L ft Sf Iff gT*£« o 

[0i 7] 01 4ic^ty^%7-<fytmxtz>mi 
- xv 1 1 iz m -3 r ® m l ft s? m 0 7 * 5 0 
[01 s] 01 4fc^ir^fr^^>£fi:s-t£xvii 

1 - XVI 1 1 a -3 T UBf L ft »f S017S 5 „ 
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[hi 9] 01 i^ttDTMms^m^^-f>K 

m ■o rmWi L ft¥nf 0? £ s „ 

[020] 3fsHJBBSifc^a wtfipx^-^v^T^ 
? ^ -v h *mm>^ < jfM uft«^©^itf^/g 

ft*DXM^#[©BfE0l?Sa (J 
[02 1] 02 Q\iC.7$^JLmM*®WF£. ! 7-<VK 
5GoT^J»fLft¥M0TSSo 

[0 2 2] pjrS©^n&©ifc7£fflU>X*S^T;U<^ 
[0 2 3 ] m 2 2 icas-r y&omi k =t s 

tl©Wffi07?&5 o 

[02 4] 02 2lZKtM£>3±^mnm<r)MJtmu 
>X&ft o *fcgfc©ini*f i»fa© Br® 0 3 „ 
[02 5] 0 2 4fc^-fL/— tf^©MiftiS^?35 

[02 6] 02 2Xim?ffl£*)'bl£\,^V-(Drt)l>7.ls 

20 — ffj&effl ^ rd^(DjmTMm&<r> suf® 0 t? s 5 o 
[02 7] 02 6 e^-r if ^©fis*ft 

ftl©ifM0Tfe5 ( , 
[02 8] 02 4t^1-M^ 1 9^SVv^7-©A;l'X^ 
— tfJt4fflv^«^©SDX«*1Si©»fiSHT?aB* 0 

[0 2 9 ] 0 2 8 £ u— mvmm t «t § 
[030] 02 ncaM(H5S5-r>kiaarram- 

30 XXXicaoT«]^Lft»TM0Tfe5 o 

[03 1] *!di0efli©SS 1 ilt«5 tfSBlSl© 

[03 2] ^y6®fl|{c«5U-ifJraxSKt«*5ia 

[03 3] *^ffiJgMtffi5l--^nXgB©^f$$ijffl] 

[034] imMmm\zmis-^^w<v±mm 

[03 s] ^mmm\z%^ u~ ^tunmm^mm 

[0 3 6] &mim&mv>% i u— tfipx^s^ 
[03 7] 5mmestomimtz&&i~-vtnxj3m\c 

¥ffi0T'S5 o 

[03 8] *^8BKfi©3B2«fe:«su-ifinrrSii© 
so «B&ffi)t0T7fe« <J 
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[03 9] ^-Ax^X/^^ATOSSnT^&t-^Sa- 
[04 0] ^-Ax^X^>^j£B2nTV^i§#© 

[04 1] *Sffl^Sso^3Mt{saw^i/DiSg© 



[14 2] jQGgfi!!?tflHB?nT^a^»^0«iteffll' 

[a 4 4] ^iiiol-- ^'ipiasfosjBMte^- 

[0 4 5] *!6ffiJB!£©Wlfini8g0^tfflC{ffl* 
[El 4 6] ^BffigaS©U-iflraxSBOS)gffllt««. 
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1 • • • 

1 - • ■ 4 3 

K 10 1* 

1 0 5 b , 1 0 5 c • 
ttX-f— >\ 1 1 1 
iXf-y, 4 0 0 



5 ■ ■ ■ 18Sr?5£ 

?7 7«, 1 

, 1 3 ■ • * jtitffiUffia, 4 

■wmm, 90 • • • *^y* 

b-ffl, 1 0 5,1 0 5 a, 

• mtm^yx, i o 9 • • - x 

■ YttXr-v*. 1 1 3 * • • Z 

• tfiDX^E, 401 ■ • 

• ^7-H6f.^ 4 0 3 - ■ • 4 1 1 

• - ■ -tiiSMP, 4 1 3 ■ ■ • ffiUM^fH'li^ 4 1 
5 ■ • ■ [SiSiff*^ 4I7-- rty^mfflk 4 1 

9 • • ■ nansaft^ 4 2i--- mmm^ 500 

• • • Is— fiBlSB, 5 0 1 • * • if-Ax^x^y 

$\ 6 0 0 ■ • ■ i^-fiMisi^ sol--- mm 
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